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SCIENTIFIC OBJECTIVE — to understand quantitatively the interaction of an 

ELECTRON BEAM (0-10 KEV, 0~1 - 5 AMP ) WITH THE PLASMA AND NEUTRAL ATMOSPHERE 
AT 200-400 KM ALTITUDE* 

Applications to near-Earth and cosmical plasmas. 

The interaction occurs in four space-time regions: 

!• Near electron gun; beam coming into equilibrium with medium 

II. Equilibrium propagation in ionosphere 

III- Ahead of beam pulse; temporal and spatial precursors 

IV. Behind a beam pulse 

While Region II is of the greatest interest., it is essential to study 

Region I because it determines the characteristics of the beam as it 

ENTERS 1 1 - I V * 
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SPECIFICALLY in the REGIONS 

Region I - What are mechanisms for charge and current neutralization 

- of injected beam? 

- OF accelerator and spacecraft? 

- Is beam plasma discharge (BPD) an important mechanism? 
What are dimensions of the region? 

How IS BEAM HEATED BY BPD AND ALTERED BY CHARGING? 

Region II - Quantitatively what is 

Velocity redistribution of beam particles? Plateau? 
Alteration of ambient plasma density and temperature? 
Production of e-s and e-m waves? 

Production of light? 

Regions III and IV-What are characteristic times for the above effects? 
Are the regions a good ordering of the phenomena? 
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Theoretical studies 

Analytical and numerical simulation of phenomena should 

MODELS THAT PREDICT QUANTITATIVELY 
DESIGN PARAMETERS FOR EXPERIMENTS 

Interpretation of data 
Experiments — measurements 
Rocket-borne 

SCEX — CARRYING ON ELECTRON GUN j KELLOGG IS P-I. 

Passive auroral plasma; Anderson is P-I. 

E « B, NRC; Bernstein and Whalen 
Laboratory 

Large vacuum facility at JSC--Bernstein and entire 
These are ongoing experiments. 


PROVIDE 


1980-1981 
1980-1982 
1978; 1979 

GROUP. 
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IMPLEMENTATION — continued 

Experiments using Spacelab 
Mission must carry 

Electron accelerator 

} SEPAC 

Neutral gas source 
Imager LLLTV 

We build these diagnostics 

Pulsed plasma probe — Szuszczewicz 
3 x 10 2 < N e < 10 8 cm " 3 
.025 < T e < 3 eV 

Plasma potential, -50 to +150 volts 
Plasma wave receiver (E and B) -- Kellogg 
10 Hz < f < 20 MHz 

Charged particle spectrometer — Anderson 
10 eV < E < 20 keV aE/E ~ 5% 

Flux 10 6 to 10 13 

Photometer if not otherwise available- 

These are to be mounted on the RMS or a free-flyer to scan along and 
radially from the beam* 

We will also consider optical and e-m wave measurements from selected 
ground sites- 



* < 100 M 


Scan in Region l — 

Scan end of I — * * 100 m 
Scan Region II — * 1-10 km 
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CLOSELY RELATED EXPERIMENTS AND FACILITIES 
SEPAC 
LLLTV 

All Free Flyers MMP 

PDP 

STSS 

WISP 
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The electron detector is 

FIXED IN THE CENTER OF THE 
TARGET* 

The BEAM IS MOVED, 

CHANGING R, BY DRIVING THE CART 
ON THE FLOOR- 

The ANGLES a, a , CAN BE 
INDEPENDENTLY VARIED- J 


Other probes and antennas 

ARE LOCATED BETWEEN GUN AND 
TARGET AT VARIOUS VALUES OF R* 
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GEOMETRY OF LAB EXPERIMENTS 
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The electron detector is 

FIXED IN THE CENTER OF THE 
TARGET- 

* The beam is moved, 

CHANGING R, BY DRIVING THE CART 
ON THE FLOOR* 

The ANGLES a, a CAN BE 
INDEPENDENTLY VARIED- 


OTHER PROBES AND ANTENNAS 
ARE LOCATED BETWEEN GUN AND 
TARGET AT VARIOUS VALUES OF R* 
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P = 7 X IQ" 6 TORR 

B * 1.2 6 
V G = 2000 volts 
I = 25 MA 

Oblique injection, = 130 ° 
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P = 7 X 10' 6 TORR 

B = 1.2 6 

V G = 2000 volts 

I = 8 MA 

Parallel injection, <* inj = 180° 
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p = 7 x 10 ^ TORR 
B = 1.2 G 
V G = 2000 volts 
I = 40 MA 

PARALLEL INJECTION, a = 180° 

1 IN U 
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P = 7 X 10' 6 TORR 
B * 1-2 6 
V G = 2000 volts 
I = 70 MA 

PARALLEL INJECTION, <* 

Full B PD 


180° 
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p = 7 x 10"^ TORR 

B = 1.2 6 

Vg = 2100 VOLTS 

I AS GIVEN, BPD AT HIGHER I • 

« = 180° 

b .«j ■ 1800 
R = 0.9 M 
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COMMENTS ON PARTICLE MEASUREMENTS 

— r/r 

Depending on energy,, flux = e 0 with r q ~ .4 m- 
We presently have no data at energies between ~ 10 eV (ionization 
potential) and ~ 200 e V • 

Energies between 200 eV and V gun are relatively more populated in BPD 
for large r and a < 180°- 

A PARTICLE DETECTOR MOUNTED ALONGSIDE THE GUN LOOKING AT <* = 0° SAW 
ONLY A FEATURELESS ENERGY SPECTRUM- CLEAR EVIDENCE OF BPD IS NOT SEEN IN 
THESE SPECTRA 

Preliminary measurements indicate that the BPD may require several msec 

TO DEVELOP, DEPENDING ON THE RATIO I/I c , AND N E . 
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GRADIENTS OBSERVED IN VARIOUS PARAMETERS 

Parameter e-folding distance i to beam e-folding distance « to beam 


Plasma density 

2-0 

M 

Plasma temp. 

2.5 

M 

Energetic particle 

flux 

.43 

TO .14 M 


Electric field 


strength 
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Figure 1- BPD ignition 

OCCURS ~ 5 MS AFTER 
INITIATION OF PULSE* 

Pulse width = 30 ms. 
Interpulse period = 400 ms 
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